We propose to exploit the concept of effective (equivalent) particle in studies of neutrino interactions. A charged lepton is able to manifest itself, with a certain probability, as the corresponding neutrino. We derive the distributions of the effective neutrinos in the leptons. This is analogous to the parton densities in hadrons introduced in order to investigate dynamical properties of quarks and gluons unavailable in free states. The effective neutrino approximation may provide a framework for probing neutrino-induced reactions at e + e − and ep colliders as well as at other lepton colliding facilities. We give two examples of its application to electron-positron collisions. *
I. INTRODUCTION
Neutrinos have fundamental implications for various fields of physics: particle physics, astrophysics and cosmology [1, 2] . They are the only known particles that have led to an extension of the Standard Model due to the violation of the law of conservation of the family lepton numbers [3] [4] [5] and still display properties requiring explanations. In order to investigate precisely neutrino interactions one should be able to create high intensity and well collimated neutrino beams with known flavor compositions. This is a challenging problem for neutrino experiments. The currently exploited or discussed techniques are based on the idea of generation of high energy neutrino fluxes through in-flight decays of mesons and boosted beta-radioactive ions [6, 7] .
On the other hand, there are well-established examples of probing dynamical properties of particles that are unavailable in free states at ordinary accelerator experiments. First of all, this is the quark-parton model (QPM) [8] according to which a hadron can manifest itself as a quark or gluon (parton) carrying the given fraction of the parent hadron momentum.
The QPM represents the cross sections for lepton-hadron or hadron-hadron collisions as sums of lepton-quark, quark-quark, gluon-quark or gluon-gluon subprocess cross sections.
The observables become thus dependent on the peculiarities of the parton interactions.
Another example is the possibility of studying two photon processes at electron-positron colliders [9] [10] [11] . Though there is no real photon in the initial state, the electrically charged electron (positron) acts as an effective photon beam according to the Weizsäcker-Williams approximation. The massive electroweak bosons, W and Z, can be treated as partons in the description of various reactions as well [12, 13] .
We propose to exploit the concept of effective (equivalent) particle also in studies of neutrino interactions. We show that the distributions of the effective neutrinos in the charged leptons can be derived within a simple approach. The effective neutrino approximation (ENA) may provide a framework for probing neutrino-induced reactions observation of which in the laboratory conditions is considered by many unrealistic or at least very difficult. For example, one could investigate ν eνe annihilation into different final states at e + e − colliders in the same way as the quark-antiquark annihilation was effectively analyzed through the Drell-Yan processes [14] .
The article is organized as follows. In Section II we derive the distributions of the effective neutrinos in the charged leptons. In Section III we give two examples of the application of the ENA to electron-positron collisions. Section IV contains the conclusions.
II. NEUTRINO DISTRIBUTIONS IN CHARGED LEPTONS
Before proceeding to the discussion of the distributions of the effective neutrinos in the charged leptons, it is useful to begin with the more familiar Weizsäcker-Williams equivalent photon approximation (EPA). The probability density of finding a photon inside an electron with fraction x of the parent electron momentum can be written as [15] 
where α = e 2 /(4π) is the fine structure constant, Q 2 min and Q 2 max are the minimum and maximum of the magnitude of the four-momentum transfer in the given process. The nonlogarithmic term is, in general, also a function of x and Q 2 .
It is obvious that in the limit of vanishing electron mass the outgoing electron, after the emission of the photon, carries the fraction y = 1 − x of the initial momentum (see Fig. 1 ).
This means that (1) represents simultaneously the probability density of finding an electron with momentum fraction y. Therefore the distribution of the effective (equivalent) electrons in the electron is given by
where 0 ≤ y ≤ 1. A detailed discussion of these functions can be found in [16] .
In analogy with the EPA, the distribution of the effective W − bosons in the electron gives simultaneously the distribution of the effective electron neutrinos since the emission of W − is always accompanied by ν e as shown in Fig. 1 . Hence, relying on the results of [17] , we readily find the distribution of the effective electron neutrinos in the electron to be
where the T superscript is to indicate that the accompanied boson is transversely polarized, θ W is the weak mixing angle, s is the total center-of-mass energy of the reaction. The nonlogarithmic term in the square brackets does not exceed unity because Q 2 max s. Note that 0 ≤ y ≤ 1 − m 2 W /s as the emitted boson is now massive [17] . One can see that at m W → 0 and 1/(4 sin 2 θ W ) → 1, (3) reduces to (2) .
We can generalize (3) to the case of the off-shell W bosons of arbitrary mass q 2 ≥ 0 as
Here we have made use of the Breit-Wigner density function corresponding to the W propagator:
with the W width being
Again 0 ≤ y ≤ 1 − q 2 /s. In the on-shell limit, (5) gives ρ(q 2 ) = δ(q 2 − m 2 W ), so that (4) turns into (3) as it should be.
In the same way as above, adopting the distribution of the effective longitudinally polarized bosons in the electron from [17] , we derive the related effective neutrino distribution:
The distribution of the effective electron antineutrinos in the positron is also given by (4) and (7) due to CP invariance. The presented results apply to the distributions of the other neutrinos, ν µ in µ − and ν τ in τ − , provided that the mass of the given parent charged lepton is negligibly small compared to the reaction energies and the masses of the boson (m 2 µ,τ ≪ s, m 2 µ,τ ≪ q 2 ). 
This channel was predicted by Glashow in 1959 [18] and is now usually referred to as the Glashow resonance. The main concept of observation of the resonance widely accepted today is to search for it in large volume water/ice neutrino detectors by exploiting the flux of very high energy cosmic antineutrinos [19] . Below we show that in the framework of the ENA the Glashow resonance could be probed at electron-positron colliders. The reactionν e e − → W − in the context of the effective electron approximation has been also considered in [20, 21] .
The resonance will be excited when the incident electron annihilates on an effective electron antineutrino from the positron as illustrated in Fig. 2 . The CP conjugate resonance, ν e e + → W + , will appear similarly. The whole process will be observed in the following form:
Note that only the transversely polarized bosons contribute to (9) . Then, in analogy to the QPM, the cross section for (9) will be given as a convolution:
where σ νe→W (s) is the cross section for the subprocessesν e e − → W − and ν e e + → W + .
The factor 2 implies that the distributions for ν e in e − andν e in e + are equal to each other because we assume CP invariance. In order to evaluate the integral of (10) in the resonance region we use the narrow width approximation:
Substituting (3) and (11) into (10) and taking into account that in reaction (9) 
In the limit s → ∞, (12) reduces to
The latter coincides with the asymptotic behavior of the exact cross section derived within the electroweak theory [22, 23] . This result might be anticipated because the logarithmic part of the cross section comes from the terms, in the amplitude squared, behaving as ∼ 1/t (with t = −Q 2 being the Mandelstam variable). One can check that each term of this type is related to the Feynman diagram containing the neutrino [23] . This is either the square of the diagram itself or an interference term with this diagram. The interplay between these terms produces the leading logarithmic contribution.
Summing up the above discussion, we may conclude that the reaction e + e − → W + W − can be asymptotically interpreted as a sum of the Glashow resonance and its CP conjugate.
B. The Z-burst mechanism
Another example is annihilation of neutrino-antineutrino pairs into the neutral electroweak boson:
This process has an important implication for cosmology because provides a tool to probe the relic neutrino background [24] but still remains unidentified experimentally. Ultrahigh energy neutrinos scattering onto relic neutrinos may excite the Z resonance which, subsequently decaying, would produce a shower of observable secondary particles. It is sometimes called the Z-burst mechanism. The ν eνe → Z channel of this scenario could be tested at e + e − colliders in the following form (see Fig. 3 ):
Within the ENA the cross section for (15) is represented as
where σ νν→Z (s) is the cross section for the subprocess ν eνe → Z. The narrow width approximation gives σ νν→Z (s) = 8π 2 α δ(s − m 2 Z )/ sin 2 2θ W , so that (16) asymptotically behaves as
Due to the leptonic decay modes of the final bosons, the appearance of an off-shell Z in the ν eνe channel will be signaled, for example, by four charged leptons:
with one of the lepton pairs being highly massive (see Fig. 4 ). This is similar to the observation of massive µ + µ − pairs in pp collisions through the Drell-Yan processes. An electronpositron collider operating at √ s = 500 GeV with luminosity 10 32 cm −2 s −1 will produce ∼ 10 3 Z-burst events per year.
IV. CONCLUSIONS
We have proposed to exploit the concept of effective (equivalent) particle in studies of neutrino interactions. A charged lepton is able to manifest itself, with a certain probability, as the corresponding neutrino. We have derived the distributions of the effective neutrinos in the leptons. This is analogous to the parton densities in hadrons introduced in order to investigate dynamical properties of quarks and gluons unavailable in free states. The effective neutrino approximation may provide a framework for probing neutrino-induced reactions at e + e − and ep colliders as well as at other lepton colliding facilities. We have given two examples of its application to electron-positron collisions: i) the Glashow resonance in e + e − → W + W − , and ii) the ν eνe → Z annihilation in e + e − → W + W − Z. The presented approach is simple and can be readily applied to other neutrino types as well as to neutrinoquark interactions. For example, ν e q and ν µ q scattering processes in ep and µp collisions can be treated in similar way.
In closing, we point out that the effective neutrino method has at least the following advantages:
1) Techniques of charged particle beam acceleration are well established.
2) The collision energy can be varied in a wide range.
3) High luminosities can be achieved.
4)
The interaction region is localized. 
